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FIG. 13
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FIG. 18

FORMING A DISPLAY ELEMENT AND A FIRST
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1
ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

Korean Patent Application No. 10-2013-0122637, filed on
Oct. 15, 2013, in the Korean Intellectual Property Office, and
entitled: “Organic Light Emitting Display Device And
Method Of Manufacturing The Same,” is incorporated by
reference herein in its entirety.

BACKGROUND

1. Field

Embodiments relate generally to a display device includ-
ing an organic light emitting display device and a method of
manufacturing the same.

2. Description of the Related Art

An organic light emitting display (OLED) device displays
images or characters by using light generated when holes and
electrons provided from an anode and a cathode, respectively
are combined with each other at an organic light emitting
layer interposed between the anode and the cathode. The
OLED device has been spotlighted as next-generation display
devices as having various advantages such as a wide viewing
angle, a rapid response speed, a thin thickness, a low power
consumption, and the like.

SUMMARY

Embodiments are directed to an organic light emitting
display device including a substrate, a display element on the
substrate, and an encapsulation member on the substrate. The
encapsulation member encapsulates the display element. The
encapsulation member includes a plurality of organic layers
and a plurality of inorganic layers. Each inorganic layer
includes a plurality of inorganic blocks that are separate from
each other. The inorganic layers are between the organic
layers.

The inorganic blocks may increase a flexibility of the
encapsulation member. The organic layers may include at
least one of an epoxy resin, an acrylate resin, and a urethane
acrylate resin. The inorganic layers may include at least one
of silicon nitride, silicon oxide, copper oxide, iron oxide,
titanium oxide, zinc selenium, and aluminum oxide.

The encapsulation member may include a first organic
layer covering the substrate, a first inorganic layer, a second
inorganic layer, and a second organic layer. The first inorganic
layer may include a plurality of first inorganic blocks that are
separate from each other. The first inorganic layer may be on
the first organic layer. The second inorganic layer may
include a plurality of second inorganic blocks that are sepa-
rate from each other. The second inorganic blocks may con-
tact the first inorganic blocks and exposed portions of the first
organic layer. The second inorganic layer may be on the first
inorganic layer. A second organic layer may cover the first
inorganic layer and the second inorganic layer. The encapsu-
lation member may further include a third inorganic layer
including a plurality of third inorganic blocks that are sepa-
rate from each other, the third inorganic blocks may contact
the second inorganic blocks and exposed portions of the first
inorganic layer, the third inorganic layer may be on the second
inorganic layer.

The first inorganic blocks of the first inorganic layer may be
arranged in a lattice shape, the second inorganic blocks of the
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2

second inorganic layer may be arranged in the lattice shape,
and the third inorganic blocks of the third inorganic layer may
be arranged in the lattice shape. The first inorganic blocks of
the first inorganic layer may be arranged in a stripe shape, the
second inorganic blocks of the second inorganic layer may be
arranged in the stripe shape, and the third inorganic blocks of
the third inorganic layer may be arranged in the stripe shape.

The encapsulation member may include a first organic
layer covering the substrate, a first inorganic layer, a second
organic layer, a second inorganic layer, and a third organic
layer. The first inorganic layer may include a plurality of first
inorganic blocks that are separate from each other. The first
inorganic layer may be on the first organic layer. The second
organic layer may include a plurality of second organic
blocks that contact exposed portions of the first organic layer
and that partially contact the first inorganic blocks. The sec-
ond organic layer may be on the first inorganic layer. The
second inorganic layer may include a plurality of second
inorganic blocks that are separate from each other. The sec-
ond inorganic blocks may contact adjacent exposed portions
of'the first inorganic blocks. The second inorganic layer may
be on the second organic layer. The third organic layer may
cover the second organic layer and the second inorganic layer.

The encapsulation member may further include a fourth
organic layer and a third inorganic layer. The fourth organic
layer may include a plurality of fourth organic blocks that
contact exposed portions of the second organic layer and that
may partially contact the second inorganic blocks. The fourth
organic layer may be on the second inorganic layer. The third
inorganic layer may include a plurality of third inorganic
blocks that are separate from each other. The third inorganic
blocks may contact adjacent exposed portions of the second
inorganic blocks. The third inorganic layer may be on the
fourth organic layer. The first inorganic blocks of the first
inorganic layer may be arranged in a lattice shape, the second
inorganic blocks of the second inorganic layer may be
arranged in the lattice shape, and the third inorganic blocks of
the third inorganic layer may be arranged in the lattice shape.
The first inorganic blocks of the first inorganic layer may be
arranged in a stripe shape, the second inorganic blocks of the
second inorganic layer may be arranged in the stripe shape,
and the third inorganic blocks of the third inorganic layer may
be arranged in the stripe shape.

A method of manufacturing an OLED device is provided
that may include the following. A display element may be on
a substrate. An encapsulation member may be formed on the
substrate to encapsulate the display element. Formation of the
encapsulation member may include the following. A first
organic layer may be formed on the substrate on which the
display element is formed. A first inorganic layer including
first inorganic blocks that are separate from each other may be
formed. The first inorganic layer may be formed on the first
organic layer. A second inorganic layer may be formed
including second inorganic blocks that are separate from each
other. The second inorganic blocks may contact the first inor-
ganic blocks and exposed portions of the first organic layer.
The second inorganic layer may be formed on the first inor-
ganic layer. A second organic layer may be formed covering
the first inorganic layer and the second inorganic layer.

Formation of the encapsulation member may further
include forming a third inorganic layer including a plurality
of third inorganic blocks that are separate from each other.
The third inorganic blocks may contact the second inorganic
blocks and exposed portion of the first inorganic layer. The
third inorganic layer may be formed on the second inorganic
layer. The first and the second organic layers may include at
least one of an epoxy resin, an acrylate resin, and a urethane
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acrylate resin. The first through the third inorganic layers may
include at least one of silicon nitride, silicon oxide, copper
oxide, iron oxide, titanium oxide, zinc selenium, and alumi-
num oxide.

A method of manufacturing an organic light emitting dis-
play device is provided that may include the following. A
display element may be formed on a substrate. An encapsu-
lation member may be formed on the substrate to encapsulate
the display element. Formation of the encapsulation member
may include the following. A first organic layer may be
formed on the substrate on which the display element is
formed. A first inorganic layer may be formed including first
inorganic blocks that are separate from each other. The first
inorganic layer may be formed on the first organic layer. A
second organic layer may be formed including a plurality of
second organic blocks that contact exposed portions of the
first organic layer and that partially contact the first inorganic
blocks. The second organic layer may be formed on the first
inorganic layer. A second inorganic layer may be formed
including a plurality of second inorganic blocks that are sepa-
rate from each other. The second inorganic blocks may con-
tact adjacent exposed portions of the first inorganic blocks.
The second inorganic layer may be formed on the second
organic layer. A third organic layer may be formed covering
the second organic layer and the second inorganic layer.

Formation of the encapsulation member may further
include forming a first organic layer and a third inorganic
layer. The fourth organic layer may be formed including a
plurality of fourth organic blocks that contact exposed portion
of the second organic layer and that partially contact the
second inorganic blocks. The fourth organic layer may be
formed on the second inorganic layer. A third inorganic layer
may include a plurality of third inorganic blocks that are
separate from each other. The third inorganic blocks may
contact adjacent exposed portions of the second inorganic
blocks. The third inorganic layer may be formed on the fourth
organic layer.

The first through the fourth organic layers may include at
least one of an epoxy resin, an acrylate resin, and a urethane
acrylate resin. The first through the third inorganic layers
include at least one of silicon nitride, silicon oxide, copper
oxide, iron oxide, titanium oxide, zinc selenium, and alumi-
num oxide.

BRIEF DESCRIPTION OF THE DRAWINGS

Features will become apparent to those of skill in the art by
describing in detail exemplary embodiments with reference
to the attached drawings in which:

FIG. 1 illustrates a cross-sectional view of an OLED
device.

FIG. 2 illustrates a cross-sectional view of an example of a
display element of the OLED device of FIG. 1.

FIG. 3 illustrates a flowchart of stages of a method of
manufacturing an OLED device.

FIGS. 4A through 4D illustrate cross-sectional views of the
method of FIG. 3.

FIGS. 5A and 5B illustrate plan views of an example in
which an encapsulation member is formed by the method of
FIG. 3.

FIGS. 6A and 6B illustrate plan views of another example
in which an encapsulation member is formed by the method
of FIG. 3.

FIG. 7 illustrates a cross-sectional view of an OLED device
according to another embodiment.

FIG. 8 illustrates a flowchart of a method of manufacturing
an OLED device.
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FIGS. 9A through 9E illustrate cross-sectional views of
stages of the method of FIG. 8.

FIGS. 10A through 10C illustrate plan views of an example
in which an encapsulation member is formed by the method
of FIG. 8.

FIGS. 11A through 11C illustrate plan views of another
example in which an encapsulation member is formed by the
method of FIG. 8.

FIG. 12 illustrates a cross-sectional view of an OLED
device according to another embodiment.

FIG. 13 illustrates a flowchart of a method of manufactur-
ing an OLED device.

FIGS. 14A through 14E illustrate cross-sectional views of
stages of the method of FIG. 13.

FIGS. 15A and 15B illustrate plan views of an example in
which an encapsulation member is formed by the method of
FIG. 13.

FIGS. 16A and 16B illustrate plan views of another
example in which an encapsulation member is formed by the
method of FIG. 13.

FIG. 17 illustrates a cross-sectional view of an OLED
device according to another embodiment.

FIG. 18 illustrates a flowchart of a method of manufactur-
ing an OLED device.

FIGS. 19A through 19G illustrate cross-sectional views of
stages of the method of FIG. 18.

FIGS. 20A through 20C illustrate plan views of an example
in which an encapsulation member is formed by the method
of FIG. 18.

FIGS. 21A through 21C illustrate plan views of another
example in which an encapsulation member is formed by the
method of FIG. 18.

DETAILED DESCRIPTION

Various example embodiments will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which some example embodiments are shown. The
present disclosure may, however, be embodied in many dif-
ferent forms and should not be construed as limited to the
example embodiments set forth herein. Rather, these example
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
present disclosure to those skilled in the art. In the drawings,
the sizes and relative sizes of layers and regions may be
exaggerated for clarity. Like numerals refer to like elements
throughout.

Although the terms first, second, third, and the like may be
used herein to describe various elements, these elements are
not limited by these terms. These terms are used to distinguish
one element from another. A first element discussed could be
termed a second element without departing from the teach-
ings of the present disclosure. As used herein, the term “and/
or” includes any and all combinations of one or more of the
associated listed items. When an element is referred to as
being “connected” or “coupled” to another element, it can be
directly connected or coupled to the other element or inter-
vening elements may be present. When an element is referred
to as being “directly connected” or “directly coupled” to
another element, there are no intervening elements present.
Other words used to describe the relationship between ele-
ments should be interpreted in a like fashion (e.g., “between”
versus “directly between,” “adjacent” versus “directly adja-
cent,” and the like).

The terminology used herein is for the purpose of describ-
ing particular example embodiments only and is not intended

to be limiting. The singular forms “a,” “an,” and “the” are
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intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. The terms “comprises” and/
or “comprising” specify the presence of stated features, inte-
gers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof. Unless otherwise defined, all terms
(including technical and scientific terms) used herein have the
same meaning as commonly understood by one of ordinary
skill in the art to which this disclosure belongs. Terms, such as
those defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their mean-
ing in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly so
defined herein.

FIG. 1 illustrates a cross-sectional view of an OLED
device. Referring to FIG. 1, the OLED device 1000 may
include a substrate 100, a display element 200, and an encap-
sulation member 110. The encapsulation member 110 may be
on the substrate 100. The substrate 100 may be a transparent
insulation substrate. For example, the substrate 100 may be a
flexible substrate, a glass substrate, a quartz substrate, a trans-
parent plastic substrate, or the like. The display element 200
may be on the substrate 100. The encapsulation member 110
may include a first organic layer 120, a first inorganic layer
130, a second inorganic layer 140, and a second organic layer
150. The first inorganic layer 130 may include first inorganic
blocks 132. The second inorganic layer 140 may include
second inorganic blocks 142.

The first organic layer 120 that covers the substrate 100 and
the display element 200 may be under the encapsulation
member 110. For example, the first organic layer 120 may
include an organic material such as epoxy resin, acrylate
resin, urethane acrylate resin, or the like. The first organic
layer 120 may relieve an internal stress of the first and the
second inorganic layers 130 and 140, or may improve an
effect of preventing moisture and oxygen penetration.

The first inorganic layer 130 may be on the first organic
layer 120. The first inorganic layer 130 may include a plural-
ity of first inorganic blocks 132. The first inorganic blocks
132 may have, for example, a rectangular shape, and may be
separate from each other at a regular distance. The first
organic layer 120 may be exposed between the first inorganic
blocks 132. The first inorganic layer 130 may prevent or
reduce oxygen and moisture penetration, and may improve a
flexibility of the encapsulation member 110.

The second inorganic layer 140 may be on the first organic
layer 120 and the first inorganic layer 130. The second inor-
ganic layer 140 may include a plurality of second inorganic
blocks 142. The second inorganic blocks 142 may contact the
first inorganic blocks 132 and exposed portions of the first
organic layer 120. The first inorganic blocks 132 may be
exposed between the second inorganic blocks 142 as the
second inorganic blocks 142 may be separate from each other
at a regular distance. The second inorganic layer 140 may
prevent or reduce the oxygen and moisture penetration, and
may improve a flexibility of the encapsulation member 110.
For example, the first inorganic layer 130 and the second
inorganic layer 140 may include silicon nitride (e.g., SiN,,
Si,N,, or Si;N,), silicon oxide (e.g., SiO,, Si,O,, SiO, or
Si0,), copper oxide (e.g., CuO,, Cu,0,, CuO, or Cu,0), iron
oxide (e.g., FeO,, Fe, O,, FeO, Fe,O;, or Fe,0,) titanium
oxide (e.g., TiO,, Ti,O,, or Ti0,), zinc selenium (e.g., ZnSe),
and aluminum oxide (e.g., AlO,, Al,O,, or Al,O;). The first
inorganic layer 130 and the second inorganic layer 140 may
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6

include different materials to prevent the first inorganic layer
130 and the second inorganic layer 140 from combining with
each other.

The second organic layer 150 may be on the first inorganic
layer 130 and the second inorganic layer 140. The second
organic layer 150 may prevent entry of outside moisture and
oxygen by encapsulating the first inorganic layer 130 and the
second inorganic layer 140. A material of the second organic
layer 150 may be substantially the same as a material of the
first organic layer 120. An operation or characteristic of the
second organic layer 150 may be substantially the same as an
operation or characteristic of the first organic layer 120.

The first and second inorganic layers 130 and 140 may have
substantially the same thickness. The first and second inor-
ganic layers 130 and 140 may have different thicknesses. The
first and second organic layers 120 and 150 may have sub-
stantially the same thickness. The first and second organic
layers 120 and 150 may have different thicknesses. Although
itis illustrated in FIG. 1 that the encapsulation member 110 of
the OLED device 1000 includes the first and second organic
layers 120 and 150 and the first and second inorganic layers
130 and 140, for example, any suitable number of organic
layers and inorganic layers may be used.

The encapsulation member 110 may improve the flexibility
of the OLED device 1000 by forming the plurality of inor-
ganic layers that include the plurality of inorganic blocks. The
encapsulation member 110 may decrease a radius of limited
curvature by dispersing a stress that may act on the encapsu-
lation member 110, for example, when the substrate 100 is
bent or curved. The encapsulation member 110 may prevent
moisture and oxygen penetration by stacking of the plurality
of organic layers and inorganic layers.

FIG. 2 illustrates a cross-sectional view of an example of a
display element of the OLED device of FIG. 1. Referring to
FIG. 2, the display element 200 may include a switching
member, a pixel electrode 260, a light emitting structure, and
a common electrode 290. For example, as illustrated in FIG.
2, the OLED device may be a bottom emission type. The
switching member may be on the substrate 100. The pixel
electrode 260 may be on the switching member to be electri-
cally coupled to the switching member. The light emitting
structure may be between the pixel electrode 260 and the
common electrode 290. The substrate 100 may be a transpar-
ent insulation substrate. For example, the substrate 100 may
be a glass substrate, a transparent plastic substrate, or the like.
The substrate 100 may be a flexible substrate. When a switch-
ing element in the switching member includes a thin film
transistor, for example, the switching element may include a
gate electrode 232, a source electrode 234, a drain electrode
236, a semiconductor layer 210, and the like.

A gate signal may be applied to the gate electrode 232. A
data signal may be applied to the source electrode 234. The
drain electrode 236 may be electrically coupled to the pixel
electrode 260. The semiconductor layer 210 may be electri-
cally coupled to the source electrode 234 and the drain elec-
trode 236. The semiconductor layer 210 may be divided into
a source region 214 to which the source electrode 234 may be
coupled, a drain region 216 to which the drain electrode 236
may be coupled, and a channel region 212 that may be
between the source region and the drain region. A gate insu-
lation layer 220 may electrically isolate the semiconductor
layer 210. A gate electrode 232 may be on the gate insulation
layer 220. A first insulation layer 240 may be on the gate
insulation layer 220 to cover the gate electrode 232.

As illustrated in FIG. 2, in the display element, the switch-
ing element including the thin film transistor may have a top
gate structure in which the gate electrode 232 is over the
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semiconductor layer 210. Any suitable structure may be used
for the switching element. For example, the switching ele-
ment may have a bottom gate structure in which a gate elec-
trode 232 is under the semiconductor layer 210. A second
insulation layer 250 of the switching member may be on the
first insulation layer 240 to cover the source electrode 234 and
the drain electrode 236. The second insulation layer 250 may
have a substantially flat surface.

As illustrated in FIG. 2, the light emitting structure may be
obtained by forming a hole transfer layer (HTL) 284, by
forming an organic light emitting layer (EL) 282, by forming
an electron transfer layer (ETL) 286, or the like. The organic
light emitting layer 282 may be formed using a light emitting
material for generating a red color light, a green color light,
and/or a blue color light. The organic light emitting layer 282
may be formed using a mixture of light emitting materials that
generates lights having different wavelengths.

The pixel electrode 260 may be arranged between the
switching member and the light emitting structure. The com-
mon electrode 290 may be arranged on the light emitting
structure. A pixel defining layer 270 may be arranged
between the switching member and the light emitting struc-
ture. The pixel defining layer 270 may be arranged in a region
in which the pixel electrode 260 is not arranged. The organic
light emitting layer 282 may be on the pixel electrode 260 to
emit the light. The pixel electrode 260 may serve as an anode
for providing holes into the hole transfer layer 284 of the light
emitting structure, and the common electrode 290 may serve
as a cathode for supplying electrons into the electron transfer
layer 282. Depending on an emission type of the OLED, the
pixel electrode 260 may be a transparent electrode or a semi-
transparent electrode, and the common electrode 290 may be
a reflective electrode. For example, the pixel electrode 260
may include a transparent conductive material including at
least one of the following: indium zinc oxide (IZO), indium
tin oxide (ITO), tin oxide (e.g., SnO,, SnO,, or SnO), zinc
oxide (e.g., ZnO, or ZnO), and the like. The common elec-
trode 290 may include a reflective material such as aluminum
(Al), platinum (Pt), silver (Ag), chromium (Cr), tungsten
(W), molybdenum (Mo), titanium (T1), alloys thereof, and
nitrides thereof.

The OLED device may include the encapsulation member
110 to encapsulate the display element 200 on the substrate
100. The encapsulation member 110 may include the first and
the second organic layers 120 and 150 and the first and the
second inorganic layers 130 and 140. The first inorganic layer
130 that includes the first inorganic blocks 132 and the second
inorganic layer 140 that includes the second inorganic blocks
142 may improve the flexibility of the encapsulation member
110. The display element 200 may be effectively encapsu-
lated (i.e., protected) from oxygen and moisture by the encap-
sulation member 110.

FIG. 3 illustrates a flowchart of a method of manufacturing
an OLED device and FIGS. 4A through 4D illustrate cross-
sectional views of stages of the method of FIG. 3. Referring to
FIG. 3, the method of FIG. 3 may form the display element
and the first organic layer that covers the display element
(S300), and may form the first inorganic layer on the first
organic layer (S310). The method of FIG. 3 may form the
second inorganic layer on the first organic layer and the first
inorganic layer (8320), and may form the second organic
layer covering the first inorganic layer and the second inor-
ganic layer (S330).

Referring to FIG. 4A, the first organic layer 120 may cover
the display element 200 on the substrate 100. The substrate
100 may be a transparent insulation substrate. The substrate
100 may be any suitable substrate, for example, a flexible
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substrate, a glass substrate, a quartz substrate, a transparent
plastic substrate, or the like. The display element 200 may be
on the substrate 100. The display element 200 may be sub-
stantially the same as the display element 200 described in
FIG. 2. The first organic layer 120 may be on the display
element 200. The first organic layer 120 may be formed by a
spin coating process, a printing process, a chemical vapor
deposition (CVD) process, or the like using organic materials
such as epoxy resin, acrylate resin, urethane acrylate resin, or
the like.

Referring to FIG. 4B, the first inorganic layer 130 may be
formed on the first organic layer 120. The first inorganic layer
130 may be formed by a chemical vapor deposition process,
a sputtering process, an atomic layer deposition (ALD) pro-
cess, a plasma enhanced chemical vapor deposition (PECVD)
process, or the like using aluminum oxide (AlO,), silicon
oxide (S10,), or the like. The first inorganic layer 130 may be
patterned to include the plurality of first inorganic blocks 132.
A photoresist film may be formed on the first inorganic layer
130, the photoresist film may be patterned by an exposure
process and a photo process, and the plurality of inorganic
blocks 132 may be formed by etching the first inorganic layer
130 using an etch mask.

Referring to FIG. 4C, the second inorganic layer 140 may
be on the first organic layer 120 and the first inorganic layer
130. The second inorganic layer 140 may be patterned to
include the plurality of second inorganic blocks 142. A pro-
cess for depositing the second inorganic layer 140 and pat-
terning the second inorganic layer 140 into the plurality of
second inorganic blocks 142 may be substantially the same as
the described process referring to FIG. 4B. Referring to FIG.
4D, the second organic layer 150 may be on the first inorganic
layer 130 and the second inorganic layer 140. A process for
forming the second organic layer 150 may be substantially the
same as the described process referring to FIG. 4A. The
encapsulation member 110 of the OLED device may improve
the flexibility of the OLED device by forming inorganic lay-
ers that include the plurality of inorganic blocks, and may
prevent oxygen and moisture penetration into the display
element 200 by stacking of organic layers and inorganic lay-
ers.

FIGS. 5A and 5B illustrate plan views of an example in
which an encapsulation member is formed by the method of
FIG. 3. FIGS. 5A and 5B illustrate examples of structures in
which the first inorganic layer 130 and the second inorganic
layer 140 are on the substrate 100. Referring to FIG. 5A, the
first inorganic layer 130 may be formed on the first organic
layer 120. As illustrated in FIG. 4B, the first inorganic layer
130 may include the plurality of first inorganic blocks 132
that are separate from each other at a regular distance. The
first inorganic blocks 132 of the first inorganic layer 130 may
be arranged in a lattice shape. Referring to FIG. 5B, the
second inorganic layer 140 may be on the first organic layer
120 and the first inorganic layer 130. As illustrated in FIG. 4C,
the second inorganic layer 140 may include the plurality of
second inorganic blocks 142 that are separate from each other
at a regular distance. The second inorganic blocks 142 of the
second inorganic layer 140 may be arranged in the lattice
shape while partially overlapping the first inorganic blocks
132 of the first inorganic layer 130.

When the OLED device is bent in any direction, for
example, a stress delivered to the encapsulation member may
be dispersed into the first and second inorganic blocks 132
and 142 as the first and second inorganic blocks 132 and 142
may be arranged in a lattice shape. When a flexible display
device or a flat display device that includes the organic light
emitting element is bent, for example, a crack of the encap-



US 9,287,524 B2

9

sulation member may be prevented. Although the first and
second inorganic layers 130 and 140 are depicted in FIGS. SA
and 5B, for example, the first organic layer 120 may be under
the first inorganic layer 130, and the second organic layer 150
may be on the second inorganic layer 140.

FIGS. 6A and 6B illustrate plan views of an example in
which an encapsulation member may be formed by the
method of FIG. 3. FIGS. 6A and 6B illustrate examples of
structures in which the first inorganic layer 130 and the sec-
ond inorganic layer 140 may be on the substrate 100. Refer-
ring to FIG. 6A, the first inorganic layer 130 may be on the
first organic layer 120. As illustrated in FIG. 4B, the first
inorganic layer 130 may include the plurality of first inor-
ganic blocks 132 that are separate from each other at a regular
distance. The first inorganic blocks 132 of the first inorganic
layer 130 may be arranged in a stripe shape. Referring to FIG.
6B, the second inorganic layer 140 may be on the first organic
layer 120 and the first inorganic layer 130. As illustrated in
FIG. 4C, the second inorganic layer 140 may include the
plurality of second inorganic blocks 142 that are separate
from each other at a regular distance. The second inorganic
blocks 142 of the second inorganic layer 140 may be arranged
in the stripe shape while partially overlapping the first inor-
ganic blocks 132 of the first inorganic layer 130.

When the OLED device is bent in any direction, for
example, the stress delivered to the encapsulation member
may be dispersed into the first and second inorganic blocks
132 and 142 as the first and second inorganic blocks 132 and
142 may be arranged in the stripe shape. When the flexible
display device or the flat display device that includes the
organic light emitting element is bent, for example, a crack of
the encapsulation member may be prevented. Although the
first and second inorganic layers 130 and 140 are depicted in
FIGS. 6 A and 6B, for example, the first organic layer 120 may
be under the first inorganic layer 130, and the second organic
layer 150 may be on the second inorganic layer 140.

Although it is illustrated in FIGS. 5A, 5B, 6 A and 6B that
the lattice shape of inorganic layers and the stripe shape of
inorganic layers may be arranged all over the substrate, for
example, in other implementations, other arrangements of
inorganic layers may be used. For example, the inorganic
layer that includes the plurality of inorganic blocks may be
partially arranged in a predetermined region that is frequently
bent on the substrate.

FIG. 7 illustrates a cross-sectional view of an OLED device
according to another embodiment. The OLED device illus-
trated in FIG. 7 may be substantially the same as the described
in FIG. 1 except that the third inorganic layer 450 may be
additionally on the second inorganic layer 440 of the encap-
sulation member 410. Referring to FIG. 7, the OLED device
4000 may include a substrate 100, a display element 200, and
an encapsulation member 410. The encapsulation member
410 may be on the substrate 100. The encapsulation member
410 may include a first organic layer 420, a first inorganic
layer 430, a second inorganic layer 440, a third inorganic
layer 450, and a second organic layer 460. The first inorganic
layer 430 may include first inorganic blocks 432, the second
inorganic layer 440 may include second inorganic blocks
442, and the third inorganic layer 450 may include third
inorganic blocks 452.

The third inorganic layer 450 may be on the first inorganic
layer 430 and the second inorganic layer 440. The third inor-
ganic layer 450 may include a plurality of third inorganic
blocks 452. The third inorganic blocks 452 may contact the
second inorganic blocks 442 and exposed portions of the first
inorganic blocks 432. The second inorganic blocks 442 may
be exposed between the third inorganic blocks 452 as the third
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inorganic blocks 452 may be separate from each other at a
regular distance. The third inorganic layer 450 may prevent or
reduce oxygen and moisture penetration, and may improve a
flexibility of the encapsulation member 410. For example, the
first through third inorganic layers 430, 440 and 450 may
include silicon nitride, silicon oxide, copper oxide, iron
oxide, titanium oxide, zinc selenium, or aluminum oxide. The
first through third inorganic layers 430, 440 and 450 may
include different materials to prevent the first through third
inorganic layers 430, 440 and 450 from combining each other.
The first through third inorganic layers 430, 440 and 450 may
have substantially the same thickness. The first through third
inorganic layers 430, 440 and 450 may have different thick-
nesses.

Although it is illustrated in FIG. 7 that the encapsulation
member 410 of the OLED device 4000 may include the first
and second organic layers 420 and 460 and the first through
third inorganic layers 430, 440 and 450, for example, any
suitable number of organic layers and inorganic layers may be
used. The encapsulation member 410 of the OLED device
4000 may effectively prevent or reduce moisture and oxygen
penetration by additionally including the third inorganic layer
450.

FIG. 8 illustrates a flowchart of a method of manufacturing
an OLED device and FIGS. 9A through 9E illustrate cross-
sectional views of the method of FIG. 8. Referring to FIG. 8,
the method of FIG. 8 may form the display element and the
first organic layer that covers the display element (S500), may
form the first inorganic layer on the first organic layer (S510),
and may form the second inorganic layer on the first organic
layer and the first inorganic layer (S520). The method of FIG.
8 may form the third inorganic layer on the first inorganic
layer and the second inorganic layer (S530), and may form the
second organic layer to cover the second inorganic layer and
the third inorganic layer (S540).

Referring to FIG. 9A, the first organic layer 420 may cover
the display element 200 on the substrate 100. The substrate
100 may be a transparent insulation substrate. The substrate
100 may include an suitable substrate, for example, a flexible
substrate, a glass substrate, a quartz substrate, a transparent
plastic substrate, or the like. The display element 200 may be
on the substrate 100. The display element 200 may be sub-
stantially the same as the display element 200 described in
FIG. 2. The first organic layer 420 may be on the display
element 200. The first organic layer 420 may be formed by a
spin coating process, a printing process, a chemical vapor
deposition process, or the like using organic materials such as
epoxy resin, acrylate resin, urethane acrylate resin, or the like.

Referring to FIG. 9B, the first inorganic layer 430 may be
on the first organic layer 420. The first inorganic layer 430
may be formed by a chemical vapor deposition process, a
sputtering process, an atomic layer deposition process, a
plasma enhanced chemical vapor deposition process, or the
like using aluminum oxide, silicon oxide, or the like. The first
inorganic layer 430 may be patterned to include the plurality
of'the first inorganic blocks 432. A photoresist film may be on
the first inorganic layer 430. The photoresist film may be
patterned by an exposure process and a photo process, and the
plurality of inorganic blocks 432 may be formed by etching
the first inorganic layer 430 using an etch mask.

Referring to FIG. 9C, the second inorganic layer 440 may
be on the first organic layer 420 and the first inorganic layer
430. The second inorganic layer 440 may be patterned to
include the plurality of second inorganic blocks 442. A pro-
cess for depositing the second inorganic layer 440 and pat-
terning the second inorganic layer 440 into the plurality of
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second inorganic blocks 442 may be substantially the same as
the described process referring to FIG. 9B.

Referring to FIG. 9D, the third inorganic layer 450 may be
on the first inorganic layer 430 and the second inorganic layer
440. The third inorganic layer 450 may be patterned to
include the plurality of third inorganic blocks 452. A process
for depositing the third inorganic layer 450 and patterning the
third inorganic layer 450 into the plurality of third inorganic
blocks 452 may be substantially the same as the described
process referring to FIG. 9B.

Referring to FIG. 9E, the second organic layer 460 may be
on the second inorganic layer 440 and the third inorganic
layer 450. A process for forming the second organic layer 460
may be substantially the same as the described process refer-
ring to FIG. 9A. The encapsulation member 410 of the OLED
device may improve the flexibility of the OLED device by
forming inorganic layers that include the plurality of inor-
ganic blocks, and may prevent entry of oxygen and moisture
penetration into the display element 200 by stacking of
organic layers and inorganic layers.

FIGS. 10A through 10C illustrate plan views of an example
in which an encapsulation member may be formed by the
method of FIG. 8. FIGS. 10A through 10C illustrate examples
of'structures in which the first inorganic layer 430, the second
inorganic layer 440 and the third inorganic layer 450 may be
onthe substrate 100. Referring to FIG. 10 A, the first inorganic
layer 430 may be on the first organic layer 420. As illustrated
in FIG. 9B, the first inorganic layer 430 may include the
plurality of first inorganic blocks 432 that may be separate
from each other at a regular distance. The first inorganic
blocks 432 of the first inorganic layer 430 may be arranged in
a lattice shape.

Referring to FIG. 10B, the second inorganic layer 440 may
be on the first organic layer 420 and the first inorganic layer
430. As illustrated in FIG. 9C, the second inorganic layer 440
may include the plurality of second inorganic blocks 442 that
may be separate from each other at a regular distance. The
second inorganic blocks 442 of the second inorganic layer
440 may be arranged in the lattice shape while partially over-
lapping the first inorganic blocks 432 of the first inorganic
layer 430.

Referring to FIG. 10C, the third inorganic layer 450 may be
on the first inorganic layer 430 and the second inorganic layer
440. As illustrated in FIG. 9D, the third inorganic layer 450
may include the plurality of third inorganic blocks 452 that
may be separate from each other at a regular distance. The
third inorganic blocks 452 of the third inorganic layer 450
may be arranged in the lattice shape while partially overlap-
ping the second inorganic blocks 442. A size of respective
third inorganic blocks 452 may be substantially the same as a
size of respective first inorganic blocks 432.

When the OLED device is bent in any direction, for
example, a stress delivered to the encapsulation member may
be dispersed into the first through third inorganic blocks 432,
442 and 452 as the first through third inorganic blocks 432,
442 and 452 may be arranged in the lattice shape. When a
flexible display device or a flat display device that includes
the organic light emitting element is bent, for example, a
crack of the encapsulation member may be prevented.
Although the first through third inorganic layers 430, 440 and
450 may be depicted in FIGS. 10 A through 10C, for example,
the first organic layer 420 may be under the first inorganic
layer 430, and the second organic layer 460 may be on the
third inorganic layer 450.

FIGS.11A through 11C illustrate plan views of an example
in which an encapsulation member may be formed by the
method of FIG. 8. FIGS. 11 A through 11C illustrate examples
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of'structures in which the first inorganic layer 430, the second
inorganic layer 440 and the third inorganic layer 450 may be
onthe substrate 100. Referring to FIG. 11A, the first inorganic
layer 430 may be on the first organic layer 420. As illustrated
in FIG. 9B, the first inorganic layer 430 may include the
plurality of first inorganic blocks 432 that may be separate
from each other at a regular distance. The first inorganic
blocks 432 of the first inorganic layer 430 may be arranged in
a stripe shape.

Referring to FIG. 11B, the second inorganic layer 440 may
be on the first organic layer 420 and the first inorganic layer
430. As illustrated in FIG. 9C, the second inorganic layer 440
may include the plurality of second inorganic blocks 442 that
may be separate from each other at a regular distance. The
second inorganic blocks 442 of the second inorganic layer
440 may be arranged in a stripe shape while partially over-
lapping the first inorganic blocks 432 of the first inorganic
layer 430.

Referring to FIG. 11C, the third inorganic layer 450 may be
on the first inorganic layer 430 and the second inorganic layer
440. As illustrated in FIG. 9D, the third inorganic layer 450
may include the plurality of third inorganic blocks 452 that
may be separate from each other at a regular distance. The
third inorganic blocks 452 of the third inorganic layer 450
may be arranged in a stripe shape while partially overlapping
the second inorganic blocks 442. A size of respective third
inorganic blocks 452 may be substantially the same as a size
of respective first inorganic blocks 432.

When the OLED device is bent in any direction, for
example, the stress delivered to the encapsulation member
may be dispersed into the first through third inorganic blocks
432, 442 and 452 as the first through third inorganic blocks
432, 442 and 452 may be arranged in a stripe shape. When a
flexible display device or a flat display device that includes
the organic light emitting element is bent, for example, a
crack of the encapsulation member may be prevented.
Although the first through third inorganic layers 430, 440 and
450 are depicted in FIGS. 11A through 11C, for example, the
first organic layer 420 may be under the first inorganic layer
430, and the second organic layer 460 may be on the third
inorganic layer 450.

Although it is illustrated in FIGS. 5A, 5B, 5C 6A, 6B and
6C that the lattice shape of inorganic layers and the stripe
shape of inorganic layers may be arranged all over the sub-
strate, for example, other arrangements of inorganic layers
may be used. For example, the inorganic layer that includes
the plurality of inorganic blocks may be partially arranged in
a predetermined region that may be frequently bent on the
substrate.

FIG. 12 illustrates a cross-sectional view of an OLED
device according to another embodiment. Referring to FIG.
12, the OLED device 6000 may include a substrate 100, a
display element 200 and an encapsulation member 610. The
encapsulation member 610 may include a first organic layer
620, a first inorganic layer 630, a second organic layer 640, a
second inorganic layer 650, and a third organic layer 660. The
first inorganic layer 630 may include first inorganic blocks
632, and the second organic layer 640 may include second
organic blocks 642. The second inorganic layer 650 may
include second inorganic blocks 652.

The first organic layer 620 that covers the substrate 100 and
the display element 200 may be under the encapsulation
member 610. For example, the first organic layer 620 may
include an organic material such as epoxy resin, acrylate
resin, urethane acrylate resin, or the like. The first organic
layer 620 may relieve an internal stress of the first and the
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second inorganic layers 630 and 650, or may improve an
effect of preventing moisture and oxygen penetration.

The first inorganic layer 630 may be on the first organic
layer 620. The first inorganic layer 630 may include a plural-
ity of first inorganic blocks 632. The first inorganic blocks
632 may have, for example, a rectangular shape, and may be
separate from each other at a regular distance. The first
organic layer 620 may be exposed between the first inorganic
blocks 632. The first inorganic layer 630 may prevent or
reduce oxygen and moisture penetration, and may improve a
flexibility of the encapsulation member 610. For example, the
first inorganic layer 630 may include one or more of silicon
nitride, silicon oxide, copper oxide, iron oxide, titanium
oxide, zinc selenium, and aluminum oxide.

The second organic layer 640 may be on the first organic
layer 620 and the first inorganic layer 630. The second
organic layer 640 may include a plurality of second organic
blocks 642. The second organic blocks 642 may contact
exposed portions of the first organic layer 620 and partially
contact the first inorganic blocks 632. The second organic
blocks 642 on the first organic layer 620 and the second
organic blocks 642 on the first inorganic blocks 632 may have
different thicknesses from each other. The first inorganic
blocks 632 may be exposed between the second organic
blocks 642 as the second organic blocks 642 may be separate
from each other at a regular distance.

The second inorganic layer 650 may be on the first inor-
ganic layer 630 and the second organic layer 640, and the
second inorganic layer 650 may include a plurality of second
inorganic blocks 652. The second inorganic blocks 652 may
contact adjacent exposed portions of the first inorganic blocks
632. The second organic blocks 642 may be exposed between
the second inorganic blocks 652 as the second inorganic
blocks 642 may be separate from each other at a regular
distance. A material of the second inorganic layer 650 may be
substantially the same as a material of the first inorganic layer
630. An operation or characteristic of the second inorganic
layer 650 may be substantially the same as an operation or
characteristic of the first inorganic layer 630.

The third organic layer 660 may cover the second organic
layer 640 and the second inorganic layer 650. The third
organic layer 660 may prevent entry of outside moisture and
oxygen by encapsulating the second organic layer 640 and the
second inorganic layer 650. A material of respective second
and third organic layers 640 and 660 may be substantially the
same as a material of the first organic layer 620. An operation
or characteristic of respective second and third organic layers
640 and 660 may be substantially the same as an operation or
characteristic of the first organic layer 620.

The first and second inorganic layers 630 and 650 may have
substantially the same thickness. The first and second inor-
ganic layers 630 and 650 may have different thicknesses. The
first through the third organic layers 620, 640, and 660 may
have substantially the same thickness. The first through the
third organic layers 620, 640, and 660 may have different
thicknesses. Although it is illustrated in FIG. 12 that the
encapsulation member 610 of the OLED device 6000
includes the first through third organic layers 620, 640, and
660, and the first and second inorganic layers 630 and 650, for
example, any suitable number of organic layers and inorganic
layers may be used.

The encapsulation member 610 may improve the flexibility
of the OLED device 6000 by forming the plurality of inor-
ganic layers that include the plurality of inorganic blocks. The
encapsulation member 610 may decrease a radius of limited
curvature by dispersing a stress that acts on the encapsulation
member 610, for example, when the substrate 100 is bent or
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curved. The encapsulation member 610 may prevent moisture
and oxygen from penetration by stacking the plurality of
organic layers and inorganic layers.

FIG. 13 illustrates a flowchart of a method of manufactur-
ing an OLED device and FIGS. 14A through 14FE illustrate
cross-sectional views of the method of FIG. 13. Referring to
FIG. 13, the method of FIG. 13 may form the display element
and the first organic layer that covers the display element
(S700), and may form the first inorganic layer on the first
organic layer (S710). The method of FIG. 13 may form the
second organic layer on the first organic layer and the first
inorganic layer (S720), may form the second inorganic layer
on the first inorganic layer and the second organic layer
(S730), and may form the third organic layer on the second
organic layer and the second inorganic layer (S740).

Referring to FIG. 14A, the first organic layer 620 may
cover the display element 200 on the substrate 100. The
substrate 100 may be a transparent insulation substrate. The
substrate 100 may include any suitable substrate, for
example, a flexible substrate, a glass substrate, a quartz sub-
strate, a transparent plastic substrate, or the like. The display
element 200 may be on the substrate 100. The display element
200 may be substantially the same as the display element 200
described in FIG. 2. The first organic layer 620 may be on the
display element 200. The first organic layer 620 may be
formed by a spin coating process, a printing process, a chemi-
cal vapor deposition process, or the like using organic mate-
rials such as epoxy resin, acrylate resin, urethane acrylate
resin, or the like.

Referring to FIG. 14B, the first inorganic layer 630 may be
on the first organic layer 620. The first inorganic layer 630
may be formed by a chemical vapor deposition process, a
sputtering process, an atomic layer deposition process, a
plasma enhanced chemical vapor deposition process, or the
like using aluminum oxide, silicon oxide, or the like. The first
inorganic layer 630 may be patterned to include the plurality
of'the first inorganic blocks 632. A photoresist film may be on
the first inorganic layer 630, the photoresist film may be
patterned by an exposure process and photo process, and the
plurality of inorganic blocks 632 may be formed by etching
the first inorganic layer 630 using an etch mask.

Referring to FIG. 14C, the second organic layer 640 may
be on the first organic layer 620 and the first inorganic layer
630. A process for depositing the second organic layer 640
may be substantially the same as the described process refer-
ring to FIG. 14A. The second organic layer 640 may be
patterned to include the plurality of second organic blocks
642. The second organic blocks 642 may contact exposed
portions of the first organic layer 620 and may partially con-
tact the first inorganic blocks 632.

Referring to FIG. 14D, the second inorganic layer 650 may
be on the first inorganic layer 630 and the second organic
layer 640. The second inorganic layer 650 may be patterned to
include the plurality of second inorganic blocks 652. A pro-
cess for depositing the second inorganic layer 650 and pat-
terning the second inorganic layer 650 into the plurality of
second inorganic blocks 652 may be substantially the same as
the described process referring to FIG. 14B. The second
inorganic blocks 652 may contact adjacent exposed portions
of' the first inorganic blocks 632.

Referring to FIG. 14E, the third organic layer 660 may be
on the second organic layer 640 and the second inorganic
layer 650. A process for forming the third organic layer 660
may be substantially the same as the described process refer-
ring to FIG. 14A. The encapsulation member 610 of the
OLED device may improve the flexibility of the OLED
device by forming inorganic layers that include the plurality
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of inorganic blocks, and may prevent oxygen and moisture
penetration into the display element 200 by stacking of
organic layers and inorganic layers.

FIGS. 15A and 15B illustrate plan views of an example in
which an encapsulation member may be formed by the
method of FIG. 13. FIGS. 15A and 15B illustrate examples of
structures in which the first inorganic layer 630 and the sec-
ond inorganic layer 650 may be on the substrate 100. Refer-
ring to FIG. 15A, the first inorganic layer 630 may be on the
first organic layer 620. As illustrated in FIG. 14B, the first
inorganic layer 630 may include the plurality of first inor-
ganic blocks 632 that may be separate from each other at a
regular distance. The first inorganic blocks 632 of the first
inorganic layer 630 may be arranged in a lattice shape. Refer-
ring to FIG. 15B, the second inorganic layer 650 may be on
the first organic layer 620 and the first inorganic layer 630. As
illustrated in FIG. 14D, the second inorganic layer 650 may
include the plurality of second inorganic blocks 652 that may
be separate from each other at a regular distance. The second
inorganic blocks 652 of the second inorganic layer 650 may
be arranged in the lattice shape while partially overlapping
the first inorganic blocks 632 of the first inorganic layer 630.

When the OLED device is bent in any direction, for
example, the stress delivered to the encapsulation member
may be dispersed into the first and second inorganic blocks
632 and 652 as the first and second inorganic blocks 632 and
652 may be arranged in the lattice shape. When a flexible
display device or a flat display device that includes the
organic light emitting element is bent, for example, a crack of
the encapsulation member may be prevented. Although the
first and second inorganic layers 630 and 650 are depicted in
FIGS. 15A and 15B, for example, the first organic layer 620
may be under the first inorganic layer 630, the second organic
layer 640 may be between the first inorganic layer 630 and the
second inorganic layer 650, and the third organic layer 660
may be on the second inorganic layer 650.

FIGS. 16 A and 16B illustrate plan views of an example in
which an encapsulation member may be formed by the
method of FIG. 13. FIGS. 16A and 165B illustrate examples
of structures that the first inorganic layer 630 and the second
inorganic layer 650 may be on the substrate 100. Referring to
FIG. 16A, the first inorganic layer 630 may be on the first
organic layer 620. As illustrated in FIG. 14B, the first inor-
ganic layer 630 may include the plurality of first inorganic
blocks 632 that may be separate from each other at a regular
distance. The first inorganic blocks 632 of the first inorganic
layer 630 may be arranged in a stripe shape. Referring to FIG.
16B, the second inorganic layer 650 may be on the first
organic layer 620 and the first inorganic layer 630. As illus-
trated in FIG. 14D, the second inorganic layer 650 may
include the plurality of second inorganic blocks 652 that may
be separate from each other at a regular distance. The second
inorganic blocks 652 of the second inorganic layer 650 may
be arranged in the stripe shape while partially overlapping the
first inorganic blocks 632 of the first inorganic layer 630.

When the OLED device is bent in any direction, for
example, the stress delivered to the encapsulation member
may be dispersed into the first and second inorganic blocks
632 and 652 as the first and second inorganic blocks 632 and
652 may be arranged in the stripe shape. When a flexible
display device or a flat display device that includes the
organic light emitting element is bent, for example, a crack of
the encapsulation member may be prevented. Although the
first and second inorganic layers 630 and 650 are depicted in
FIGS. 15A and 15B, for example, the first organic layer 620
may be under the first inorganic layer 630, the second organic
layer 640 may be between the first inorganic layer 630 and the
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second inorganic layer 650, and the third organic layer 660
may be on the second inorganic layer 650.

Although it is illustrated in FIGS. 15A, 15B, 16 A and 16B
that the lattice shape of inorganic layers and the stripe shape
of'inorganic layers may be arranged all over the substrate, for
example, other arrangements of inorganic layers may be used.
For example, the inorganic layer that includes the plurality of
inorganic blocks may be partially arranged in a predeter-
mined region that may be frequently bent on the substrate.

FIG. 17 illustrates a cross-sectional view of an OLED
device. Referring to FIG. 17, the OLED device 8000 may
include a substrate 100, a display element 200 and an encap-
sulation member 810. The encapsulation member 810 may
include a first organic layer 820, a first inorganic layer 830, a
second organic layer 840, a second inorganic layer 850, a
third organic layer 860, a third inorganic layer 870 and a
fourth organic layer 880. The first inorganic layer 830 may
include first inorganic blocks 832, the second organic layer
840 may include second organic blocks 842, and the second
inorganic layer 850 may include second inorganic blocks
852. The third organic layer 860 may include third organic
blocks 862, and the third inorganic layer 870 may include
third inorganic blocks 872.

The first organic layer 820 that covers the substrate 100 and
the display element 200 may be under the encapsulation
member 810. For example, the first organic layer 820 may
include an organic material such as an epoxy resin, an acrylate
resin, a urethane acrylate resin, or the like. The first organic
layer 820 may relieve an internal stress of the first through the
third inorganic layers 830, 850, and 870, or may improve an
effect of preventing moisture and oxygen penetration.

The first inorganic layer 830 may be on the first organic
layer 820. The first inorganic layer 830 may include a plural-
ity of first inorganic blocks 832. The first inorganic blocks
832 may have, for example, a rectangular shape, and may be
separate from each other at a regular distance. The first
organic layer 820 may be exposed between the first inorganic
blocks 832. The first inorganic layer 830 may prevent or
reduce oxygen and moisture penetration, and may improve a
flexibility of the encapsulation member 810. For example, the
first inorganic layer 830 may include one or more of silicon
nitride, silicon oxide, copper oxide, iron oxide, titanium
oxide, zinc selenium and aluminum oxide.

The second organic layer 840 may be on the first organic
layer 820 and the first inorganic layer 830. The second
organic layer 840 may include a plurality of second organic
blocks 842. The second organic blocks 842 may contact
exposed portions of the first organic layer 820 and the first
inorganic blocks 832. The second organic blocks 842 may be
arranged at least one on the first inorganic blocks 832 as the
second organic block 842 may be smaller than the first inor-
ganic block 832. The second organic blocks 842 on the first
organic layer 820 and the second organic blocks 842 on the
first inorganic blocks 832 may have different thicknesses
from each other. The first inorganic blocks 832 may be
exposed between the second organic blocks 842 as the second
organic blocks 842 may be separate from each other at a
regular distance.

The second inorganic layer 850 may be on the first inor-
ganic layer 830 and the second organic layer 840, and the
second inorganic layer 850 may include a plurality of second
inorganic blocks 852. The second inorganic blocks 852 may
contact adjacent exposed portions of the first inorganic blocks
832. The second organic blocks 842 may be exposed between
the second inorganic blocks 852 as the second inorganic
blocks 852 may be separate from each other at a regular
distance.
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The third organic layer 860 may be on the second organic
layer 840 and the second inorganic layer 850, and the third
organic layer 860 may include a plurality of third organic
blocks 862. The third organic blocks 862 may contact
exposed portions of the second organic layer 840 and partially
contact the second inorganic blocks 852.

The third inorganic layer 870 may be on the second inor-
ganic layer 850 and the third organic layer 860, and the third
inorganic layer 870 may include a plurality of third inorganic
blocks 872 that may be separate from each other. The third
inorganic blocks 872 may contact adjacent exposed portions
of the second inorganic blocks 852. The third organic blocks
862 that may be on the second inorganic blocks 852 may be
exposed between the third inorganic blocks 872 as the third
inorganic block 872 may be separate from each other at a
regular distance. A material of respective second inorganic
layer 850 and third inorganic layer 870 may be substantially
the same as a material of the first inorganic layer 830. An
operation or characteristic of respective second inorganic
layer 850 and third inorganic layer 870 may be substantially
the same as an operation or characteristic of the first inorganic
layer 830.

The fourth organic layer 880 may cover the third organic
layer 860 and the third inorganic layer 870. The fourth
organic layer 880 may prevent entry of outside moisture and
oxygen by encapsulating the third organic layer 860 and the
third inorganic layer 870. A material of respective second
through fourth organic layer 840, 860 and 880 may be sub-
stantially the same as a material of the first organic layer 820.
An operation or characteristic of respective second through
fourth organic layer 840, 860, and 880 maybe substantially
the same as an operation or characteristic of the first organic
layer 820.

The first through third inorganic layer 830, 850, and 870
may have substantially the same thickness. The first through
third inorganic layers 830, 850, and 870 may have different
thicknesses. The first through fourth organic layers 820, 840,
860, and 880 may have substantially the same thickness. The
first through fourth organic layers 820, 840, 860, and 880 may
have the different thicknesses. Although it is illustrated in
FIG. 17 that the encapsulation member 810 of the OLED
device 8000 includes the first through fourth organic layers
820, 840, 860, and 880, and the first through third inorganic
layers 830, 850, and 870, for example, any suitable number of
organic layers and inorganic layers may be used.

The encapsulation member 810 may improve the flexibility
of the OLED device 8000 by forming the plurality of inor-
ganic layers that include the plurality of inorganic blocks. The
encapsulation member 810 may decrease a radius of limited
curvature by dispersing a stress that acts on the encapsulation
member 810, for example, when the substrate 100 may be
bent or curved. The encapsulation member 810 may prevent
moisture and oxygen penetration by stacking of the plurality
of organic layers and inorganic layers.

FIG. 18 illustrates a flowchart of a method of manufactur-
ing an OLED device and FIGS. 19A through 19G illustrate
cross-sectional views of the method of FIG. 18. Referring to
FIG. 18, the method of FIG. 18 may form the display element
and the first organic layer that covers the display element
(8900), may form the first inorganic layer on the first organic
layer (S910), and may form the second organic layer on the
first organic layer and the first inorganic layer (S920). The
method of FIG. 18 may form the second inorganic layer on the
first inorganic layer and the second organic layer (S930), and
may form the third organic layer on the second organic layer
and the second inorganic layer (S8940). The method of FIG. 18
may form the third inorganic layer on the second inorganic
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layer and the third organic layer (S950), and may form the
fourth organic layer on the third organic layer and the third
inorganic layer (S960).

Referring to FIG. 19A, the first organic layer 820 may
cover the display element 200 on the substrate 100. The
substrate 100 may be a transparent insulation substrate. The
substrate 100 may include any suitable substrate, for
example, a flexible substrate, a glass substrate, a quartz sub-
strate, a transparent plastic substrate, or the like. The display
element 200 may be on the substrate 100. The display element
200 may be substantially the same as the display element 200
described in FIG. 2. The first organic layer 820 may be on the
display element 200. The first organic layer 820 may be
formed by a spin coating process, a printing process, a chemi-
cal vapor deposition process, or the like using organic mate-
rials such as epoxy resin, acrylate resin, urethane acrylate
resin or the like.

Referring to FIG. 19B, the first inorganic layer 830 may be
on the first organic layer 820. The first inorganic layer 830
may be formed by a chemical vapor deposition process, a
sputtering process, an atomic layer deposition process, a
plasma enhanced chemical vapor deposition process or the
like using aluminum oxide, silicon oxide, or the like. The first
inorganic layer 830 may be patterned to include the plurality
of'the first inorganic blocks 832. A photoresist film may be on
the first inorganic layer 830, the photoresist film may be
patterned by an exposure process and photo process, and the
plurality of inorganic blocks 832 may be formed by etching
the first inorganic layer 830 using the etch mask.

Referring to FIG. 19C, the second organic layer 840 may
be on the first organic layer 820 and the first inorganic layer
830. A process for depositing the second organic layer 840
may be substantially the same as the described process refer-
ring to FIG. 19A. The second organic layer 840 may be
patterned to include the plurality of second organic blocks
842. The second organic blocks 842 may be arranged at least
one on the first inorganic blocks 832 because the second
organic blocks 842 may be smaller than the first inorganic
blocks 832. The second organic blocks 842 on the first
organic layer 820 and the second organic blocks 842 on the
first inorganic blocks 832 may have different thicknesses.

Referring to FIG. 19D, the second inorganic layer 850 may
be on the first inorganic layer 830 and the second organic
layer 840. The second inorganic layer 850 may be patterned to
include the plurality of second inorganic blocks 852. A pro-
cess for depositing the second inorganic layer 850 and pat-
terning the second inorganic layer 850 into the plurality of
second inorganic blocks 852 may be substantially the same as
the described process referring to FIG. 19B. The second
inorganic blocks 852 may contact exposed portions of the first
inorganic blocks 832 between the second organic blocks 842.

Referring to FIG. 19E, the third organic layer 860 may be
on the second organic layer 840 and the second inorganic
layer 850. A process for forming the third organic layer 860
may be substantially the same as the described process refer-
ring to FIG. 19A. The third organic layer 860 may be pat-
terned to include the plurality of third organic blocks 862. The
third organic blocks 862 may contact exposed portions of the
second organic layer 840 and partially contact the second
inorganic blocks 852.

Referring to FIG. 19F, the third inorganic layer 870 may be
on the second inorganic layer 850 and the third organic layer
860. The third inorganic layer 870 may be patterned to
include the plurality of third inorganic blocks 852. A process
for depositing the third inorganic layer 870 and patterning the
third inorganic layer 870 into the plurality of third inorganic
blocks 872 may be substantially the same as the described
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process referring to FIG. 19B. The third inorganic blocks 872
may contact adjacent exposed portions of the second inor-
ganic blocks 852.

Referring to FIG. 19G, the fourth organic layer 880 may be
on the third organic layer 860 and the third inorganic layer
870. A process for forming the fourth organic layer 880 may
be substantially the same as the described process referring to
FIG. 19A. The encapsulation member 810 of the OLED
device may improve the flexibility of the OLED device by
forming inorganic layers that include the plurality of inor-
ganic blocks, and may prevent oxygen and moisture penetra-
tion into the display element 200 by stacking of organic layers
and inorganic layers.

FIGS. 20A through 20C illustrate plan views of an example
in which an encapsulation member may be formed by the
method of FIG. 18. FIGS. 20A through 20C illustrate
examples of structures in which the first through the third
inorganic layer 830, 850 and 870 may be on the substrate 100.
Referring to F1G. 20A, the first inorganic layer 830 may be on
the first organic layer 820. As illustrated in FIG. 19B, the first
inorganic layer 830 may include the plurality of first inor-
ganic blocks 832 that may be separate from each other at a
regular distance. The first inorganic blocks 832 of the first
inorganic layer 830 may be arranged in a lattice shape.

Referring to FIG. 20B, the second inorganic layer 850 may
be on the first organic layer 820 and the first inorganic layer
830. As illustrated in FI1G. 9D, the second inorganic layer 850
may include the plurality of second inorganic blocks 852 that
may be separate from each other at a regular distance. The
second inorganic blocks 852 of the second inorganic layer
850 may be smaller than the first inorganic blocks 832 of the
first inorganic layer 830. The second inorganic blocks 852
may be arranged in a lattice shape while partially overlapping
the first inorganic blocks 832 of the first inorganic layer 830.

Referring to FIG. 20C, the third inorganic layer 870 may be
on the first inorganic layer 830 and the second inorganic layer
850. As illustrated in FIG. 9F, the third inorganic layer 870
may include the plurality of third inorganic blocks 872 that
may be separate from each other at a regular distance. The
third inorganic blocks 872 of the third inorganic layer 870
may be arranged in a lattice shape while partially overlapping
second inorganic blocks 852. A size of respective third inor-
ganic blocks 872 may be substantially the same as a size of
respective second inorganic blocks 852.

When the OLED device is bent in any direction, for
example, a stress delivered to the encapsulation member may
be dispersed into the first through third inorganic blocks 832,
852 and 872 as the first through third inorganic blocks 832,
852 and 872 may be arranged in the lattice shape. When a
flexible display device or a flat display device that includes
the organic light emitting element is bent, for example, a
crack of the encapsulation member may be prevented.
Although the first through third inorganic layers 830, 850 and
870 are depicted in FIGS. 20A through 20C, for example, the
first organic layer 820 may be under the first inorganic layer
830, and the second organic layer 840 may be between the
first inorganic layer 830 and the second inorganic layer 850.
The third organic layer 860 may be between the second inor-
ganic layer 850 and the third inorganic layer 870, and the
fourth organic layer 880 may be on the third inorganic layer
870.

FIGS. 21A through 21C illustrate plan views of an example
in which an encapsulation member may be formed by the
method of FIG. 18. FIGS. 21A through 21C illustrate
examples of structures in which the first through the third
inorganic layer 830, 850 and 870 may be on the substrate 100.
Referring to F1G. 21A, the first inorganic layer 830 may be on
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the first organic layer 820. As illustrated in FIG. 19B, the first
inorganic layer 830 may include the plurality of first inor-
ganic blocks 832 that may be separate from each other at a
regular distance. The first inorganic blocks 832 of the first
inorganic layer 830 may be arranged in a stripe shape.

Referring to FIG. 21B, the second inorganic layer 850 may
be on the first organic layer 820 and the first inorganic layer
830. As illustrated in FIG. 19D, the second inorganic layer
850 may include the plurality of second inorganic blocks 852
that may be separate from each other at a regular distance. The
second inorganic blocks 852 of the second inorganic layer
850 may be smaller than the first inorganic blocks 832 of the
first inorganic layer 830. The second inorganic blocks 852
may be arranged in the stripe shape while partially overlap-
ping the first inorganic blocks 832 of the first inorganic layer
830.

Referring to FIG. 21C, the third inorganic layer 870 may be
on the first inorganic layer 830 and the second inorganic layer
850. As illustrated in FIG. 19F, the third inorganic layer 870
may include the plurality of third inorganic blocks 872 that
may be separate from each other at a regular distance. The
third inorganic blocks 872 of the third inorganic layer 870
may be arranged in a stripe shape while partially overlapping
the second inorganic blocks 852. A size of respective third
inorganic blocks 872 may be substantially the same as a size
of respective second inorganic blocks 852.

When the OLED device is bent in any direction, for
example, the stress delivered to the encapsulation member
may be dispersed into the first through third inorganic blocks
832, 852 and 872 as the first through third inorganic blocks
832, 852 and 872 may be arranged in the stripe shape. When
a flexible display device or a flat display device that includes
the organic light emitting element is bent, for example, a
crack of the encapsulation member may be prevented.
Although the first through third inorganic layers 830, 850 and
870 may be depicted in FIGS. 21 A through 21C, for example,
the first organic layer 820 may be under the first inorganic
layer 830, and the second organic layer 840 may be between
the first inorganic layer 830 and the second inorganic layer
850. The third organic layer 860 may be between the second
inorganic layer 850 and the third inorganic layer 870, and the
fourth organic layer 880 may be on the third inorganic layer
870.

Although it is illustrated in FIGS. 20A, 20B, 20C, 21A,
21B and 21C that the lattice shape of inorganic layers and the
stripe shape of inorganic layers may be arranged all over the
substrate, for example, other arrangements of inorganic lay-
ers may be used. For example, the inorganic layer that
includes the plurality of inorganic blocks may be partially
arranged in a predetermined region that may be frequently
bent on the substrate.

The present disclosure may be applied to an electronic
device having an OLED device. For example, the devices and
methods described herein may be applied to a computer
monitor, a laptop, a digital camera, a cellular phone, a smart
phone, a smart pad, a television, a personal digital assistant
(PDA), a portable multimedia player (PMP), a MP3 player, a
navigation system, a game console, a video phone, or the like.

By way of summation and review, an organic light emitting
layer of the OLED device may be easily degraded by oxygen
and/or moisture, so that the life span of the OLED device may
be reduced. The OLED device may include an encapsulation
member for protecting the organic light emitting layer from
the external environment. An encapsulation member of an
organic light emitting display device may be formed by stack-
ing organic layers and inorganic layers. When the organic
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light emitting display device is bent or curved, an encapsula-
tion member may be stressed, and a crack may occur in the
encapsulation member.

As described herein, an OLED device having an encapsu-
lation member that decreases a radius of curvature is pro-
vided. A method of manufacturing the OLED device is also
provided. An OLED device may improve (i.e., decrease) a
radius of limited curvature based on an encapsulation mem-
ber that includes an inorganic layer having a plurality of
inorganic blocks. A method of manufacturing an OLED
device may improve a radius of limited curvature. An encap-
sulation member may improve the flexibility of an organic
light emitting display device by forming a plurality of inor-
ganic layers that include a plurality of inorganic blocks. The
encapsulation member may decrease a radius of a limited
curvature by dispersing a stress, which acts on the encapsu-
lation member when a substrate is bent or curved.

Example embodiments have been disclosed herein, and
although specific terms may be employed, they may be used
and may be to be interpreted in a generic and descriptive sense
only and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics, and/
orelements described in connection with a particular embodi-
ment may be used singly or in combination with features,
characteristics, and/or elements described in connection with
other embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present disclosure
as set forth in the following claims.

What is claimed is:

1. An organic light emitting display device, comprising:

a substrate;

a display element on the substrate; and

an encapsulation member on the substrate, the encapsula-

tion member encapsulating the display element, the
encapsulation member including a plurality of organic
layers and a plurality of inorganic layers, wherein,

the plurality of inorganic layers includes a first inorganic

layer and a second inorganic layer,

the first inorganic layer includes a plurality of first inor-

ganic blocks that are spaced apart from each other, and
the second inorganic layer is on the first inorganic layer and
includes a plurality of second inorganic blocks that are
spaced apart from each other, the second inorganic
blocks contacting and filling spaces between the first
inorganic blocks and contacting exposed portions of the
first organic layer between the first inorganic blocks.

2. The device as claimed in claim 1, wherein the inorganic
blocks increase a flexibility of the encapsulation member.

3. The device as claimed in claim 2, wherein the organic
layers include at least one of an epoxy resin, an acrylate resin,
and a urethane acrylate resin.

4. The device as claimed in claim 2, wherein the inorganic
layers include at least one of silicon nitride, silicon oxide,
copper oxide, iron oxide, titanium oxide, zinc selenium, and
aluminum oxide.

5. The device as claimed in claim 1, wherein the encapsu-
lation member further includes a third inorganic layer includ-
ing a plurality of third inorganic blocks that are separate from
each other, the third inorganic blocks contacting the second
inorganic blocks and exposed portions of the first inorganic
layer, the third inorganic layer being on the second inorganic
layer.

6. The device as claimed in claim 5, wherein the first
inorganic blocks of the first inorganic layer are arranged in a
lattice shape, the second inorganic blocks of the second inor-
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ganic layer are arranged in the lattice shape, and the third
inorganic blocks of the third inorganic layer are arranged in
the lattice shape.

7. The device as claimed in claim 5, wherein the first
inorganic blocks of the first inorganic layer are arranged in a
stripe shape, the second inorganic blocks of the second inor-
ganic layer are arranged in the stripe shape, and the third
inorganic blocks of the third inorganic layer are arranged in
the stripe shape.

8. The device as claimed in claim 1, wherein the encapsu-
lation member includes:

a first organic layer covering the substrate;

afirst inorganic layer including a plurality of first inorganic
blocks that are separate from each other, the first inor-
ganic layer being on the first organic layer;

a second organic layer including a plurality of second
organic blocks that contact exposed portions of the first
organic layer and that partially contact the first inorganic
blocks, the second organic layer being on the first inor-
ganic layer;

a second inorganic layer including a plurality of second
inorganic blocks that are separate from each other, the
second inorganic blocks contacting adjacent exposed
portions of the first inorganic blocks, the second inor-
ganic layer being on the second organic layer; and

a third organic layer covering the second organic layer and
the second inorganic layer.

9. The device as claimed in claim 8, wherein the encapsu-

lation member further includes:

a fourth organic layer including a plurality of fourth
organic blocks that contact exposed portions of the sec-
ond organic layer and that partially contact the second
inorganic blocks, the fourth organic layer being on the
second inorganic layer; and

a third inorganic layer including a plurality of third inor-
ganic blocks that are separate from each other, the third
inorganic blocks contacting adjacent exposed portions
of the second inorganic blocks, the third inorganic layer
being on the fourth organic layer.

10. The device as claimed in claim 9, wherein the first
inorganic blocks of the first inorganic layer are arranged in a
lattice shape, the second inorganic blocks of the second inor-
ganic layer are arranged in the lattice shape, and the third
inorganic blocks of the third inorganic layer are arranged in
the lattice shape.

11. The device as claimed in claim 9, wherein the first
inorganic blocks of the first inorganic layer are arranged in a
stripe shape, the second inorganic blocks of the second inor-
ganic layer are arranged in the stripe shape, and the third
inorganic blocks of the third inorganic layer are arranged in
the striped shape.

12. The device as claimed 1, wherein the plurality of
organic layers of the encapsulation substrate includes:

a first organic layer covering the substrate; and

a second organic layer covering the first inorganic layer and
the second inorganic layer.

13. The device as claimed in claim 12, wherein the second
organic layer directly contacts and covers the first inorganic
layer and the second inorganic layer, the second organic layer
filling spaces between the second inorganic blocks and con-
tacting exposed surfaces of the first inorganic blocks between
the second inorganic blocks.

14. The device as claimed in claim 12, wherein the first
inorganic layer is on the first organic layer, and

wherein the second inorganic layer contacts exposed por-
tions of the first organic layer between the first inorganic
blocks.



